Abstract-In this study, analysis using high thermal conductive material for measuring junction temperature (Tj) in high power GaN-based light emitting diodes (LED) was presented. Thermal characteristics of high power Light-emitting-diode have been analyzed by using various different structure conduction models. The forward operation voltage is advantageously used to measure the junction temperature of light emitting diodes. Using this method, junction temperature (Tj) of LED under various structures and chip mounting methods was measured. It was found that the junction temperature can be reduced considerably by using diamond film substrates and CNT film substrates. In this study, for model F structure, the junction temperature using diamond film can be decreased by about 10.8% under 1.5W power, decreased by about 12% under 2.6W power and decreased by about 11.6% under 4.2W power for 1 mm square die. The junction temperature using CNT film can be decreased by about 12.7% under 1.5W power, decreased by about 14.1% under 2.6W power and decreased by about 14.2% under 4.2W power for 1 mm square die. The thermal resistance (RT) of diamond film can be measured to be 12.6℃/W under 4.2W power and the thermal resistance (RT) of CNT film can be measured to be 12.2℃/W under 4.2W.
I. INTRODUCTION
For green energy, the Light Emitting Diode (LED) can be optimally used for general lighting. However, high temperature problem have to be resolved when it is to be used in long time and higher power lighting. Accordingly, the lighting applications of LED technologies have been developed to have lower junction temperature and lower thermal resistance (RT). However, the input electrical energy into the LED device which becomes photons and are immediately emitted out of the device, while the rest photons remains inside the LED device which produced heat, that increases the junction temperature. Sapphire substrate is used in the tradition LED. This material has poor heat dissipation characteristic. And poor reliability in LED structure always exists depends on the thermal temperature and package structure [1] - [12] . Therefore, the problem of heat dissipation in LED is certain to happen in high-power applications. In this paper, we will report the result of High-Power LED packages with diamond and CNT film in various heat Manuscript 
II. EXPERIMENT PROCEDURE
The samples utilized in this work are diamond film and CNT film, which were put on three different substrates. The thickness of the diamond film is 20μm and the thickness of the CNT film is 1μm. In this work, we established four kinds of heat dissipation models. Table I shows the physical parameters of the models. In our models, normal GaN /Sapphire blue high power LED was utilized. And the samples are 40 mil blue GaN LED chips obtained from an LED manufacturer. Fig. 1(a) schematically shows the first heat dissipation model which is symbolized as model A. In this model of Al plate with 0.1 mm of thickness have three different structures, first, the high power LED GaN Epitaxy with sapphire substrate was not mounted onto the heat sink structure which is symbolized as model A-1. Second, the high power LED GaN Epitaxy with sapphire substrate was mounted onto a high thermal conductive material of diamond film using silver epoxy which is symbolized as model A-2. Third, the high power LED GaN Epitaxy with sapphire substrate was mounted onto a high thermal conductive material of CNT film using silver epoxy which is symbolized as model A-3. The thicknesses of the nitride film and sapphire substrate are 5μm and 90μm, Fig. 1(b) shows the second heat dissipation model which is symbolized as model B. In this model of Al plate with 0.2 mm of thickness has three different structures which were no heat sink and diamond film and CNT film which is symbolized as model B-1, B-2 and B-3. Fig. 1(c) shows the third heat dissipation model which is symbolized as model C. In this model of Al plate with 0.4 mm of thickness has three different structures which were no heat sink and diamond film and CNT film which is symbolized as model C-1, C-2 and C-3. Fig. 1(d) shows the fourth heat dissipation model which is symbolized as model D. In this model of Cu /Al plate with 0.1/0.3 mm of thickness has three different structures which were no heat sink and diamond film and CNT film which is symbolized as model D-1, D-2 and D-3. Fig. 1(e) shows the fifth heat dissipation model which is symbolized as model E. In this model of Cu /Al plate with 0.2/0.2 mm of thickness has three different structures which were no heat sink and diamond film and CNT film which is symbolized as model E-1, E-2 and E-3. Fig. 1(f) shows the sixth heat dissipation model which is symbolized as model F. In this model of Cu plate with 3 mm of thickness has three different structures which were no heat sink and diamond film and CNT film which is symbolized as model F-1, F-2 and F-3. 
III. RESULTS AND DISCUSSIONS
From the experiments result, for model A structure, Fig. 2 shows the junction temperature of diamond film can be decreased by about 9.6% under 4.2W power and the junction temperature of CNT film can be decreased by about 11.8% under 4.2W power for 1 mm square die. Fig. 3 shows the thermal resistance of junction to air on model A structure, the thermal resistance (RT) of diamond film can be measured to be 13.6℃/W under 4.2W power and the thermal resistance (RT) of CNT film can be measured to be 13.2℃/W under 4.2W power which is the lower than A-1 and A-2 structures. From the experiments result, for model B structure, Fig. 4 shows the junction temperature of diamond film can be decreased by about 9.6% under 4.2W power and the junction temperature of CNT film can be decreased by about 13.5% under 4.2W power for 1 mm square die. Fig. 5 shows the thermal resistance of junction to air on model B structure, the thermal resistance (RT) of diamond film can be measured to be 13.8℃/W under 4.2W power and the thermal resistance (RT) of CNT film can be measured to be 13.0℃/W under 4.2W power which is the lower than B-1 and B-2 structures. Table III demonstrates From the experiments result, for model C structure, Fig. 6 shows the junction temperature of diamond film can be decreased by about 10.6% under 4.2W power and the junction temperature of CNT film can be decreased by about 12.7% under 4.2W power for 1 mm square die. Fig. 7 shows the thermal resistance of junction to air on model B structure, the thermal resistance (RT) of diamond film can be measured to be 13.2℃/W under 4.2W power and the thermal resistance (RT) of CNT film can be measured to be 12.8℃/W under 4.2W power which is the lower than C-1 and C-2 structures. Table IV demonstrates the experimental results for junction temperature and thermal resistance measurements on model C structure. From the experiments result, for model D structure, Fig. 8 shows the junction temperature of diamond film can be decreased by about 11.3% under 4.2W power and the junction temperature of CNT film can be decreased by about 15.3% under 4.2W power for 1 mm square die. Fig. 9 shows the thermal resistance of junction to air on model B structure, the thermal resistance (RT) of diamond film can be measured to be 13.3℃/W under 4.2W power and the thermal resistance (RT) of CNT film can be measured to be 12.5℃/W under 4.2W power which is the lower than D-1 and D-2 structures. From the experiments result, for model E structure, Fig. 10 International Journal of Environmental Science and Development, Vol. 8, No. 5, May 2017 shows the junction temperature of diamond film can be decreased by about 10.9% under 4.2W power and the junction temperature of CNT film can be decreased by about 13.2% under 4.2W power for 1 mm square die. Fig. 11 shows the thermal resistance of junction to air on model B structure, the thermal resistance (RT) of diamond film can be measured to be 12.7℃/W under 4.2W power and the thermal resistance (RT) of CNT film can be measured to be 12.4℃/W under 4.2W power which is the lower than E-1 and E-2 structures. Table VI demonstrates the experimental results for junction temperature and thermal resistance measurements on model E structure. From the experiments result, for model F structure, Fig. 12 shows the junction temperature of diamond film can be decreased by about 11.6% under 4.2W power and the junction temperature of CNT film can be decreased by about 14.2% under 4.2W power for 1 mm square die. Fig. 13 shows the thermal resistance of junction to air on model B structure, the thermal resistance (RT) of diamond film can be measured to be 12.6℃/W under 4.2W power and the thermal resistance (RT) of CNT film can be measured to be 12.2℃/W under 4.2W power which is the lower than F-1 and F-2 structures. From above experiments result, for model F-3 structure, the junction temperature and the thermal resistance (RT) of CNT film under 4.2W power which is the lowest. Because the CNT film has higher thermal conductivity than others. In physics, thermal conductivity is the property of a material to conduct heat. Secondary, for model F-2 structure, the junction temperature and the thermal resistance (RT) of diamond film under 4.2W power which is the second lower than other structures. Therefore, the F structure has best lower than other structure base in the big size area of Cu plat which can dissipate heat and transfer it outside.
For model E-3 structure, the junction temperature and the thermal resistance (RT) of CNT film under 4.2W power which is lower than that of other E-2 and E-1 structures. Secondary, for model E-2 structure, the junction temperature and the thermal resistance (RT) of diamond film under 4.2W power which is the second lower than E-1 structures. Therefore, the E structure is second lower than other structure base in the area of Cu/AL plat which can dissipate heat and transfer it outside. Finally, the thermal conductivity and material area will impact the thermal resistance and junction temperature.
IV. SUMMARY 1) LED GaN Epitaxy with sapphire mounted on CNT film was found the most effective package method in heat dissipation.
2) The junction temperature of diamond films on model F structure can be decreased by 11.6% under 4.2W condition. The junction temperature of CNT film on model F structure can be decreased by 14.2% under 4.2W condition, respectively comparable to that on no heat sink structure.
3) The thermal resistance of junction to air on model F structure is measured to be 12.6℃/W at 4.2W condition of diamond film. The thermal resistance of junction to air on model F structure is measured to be 12.2℃/W at 4.2W condition of CNT film, respectively which is the lowest than that of other structures.
